A cute cholecystitis is a very common inflammatory disease of the gallbladder. Early or urgent cholecystectomy is essential for patients with acute cholecystitis who do not respond to conservative treatment. 1, 2 Even though cholecystectomy appears to be a safe treatment option for patients with acute cholecystitis, a recently published systematic review and meta-analysis study has reported a mortality rate of 3.5% in the elderly population. 3 Acute cholecystitis demands proper treatment and may be fatal in the absence of immediate treatment during the acute phase. 4 Percutaneous transhepatic gallbladder drainage (PTGBD) is widely recognized as a safe and effective method for the treatment of acute cholecystitis, and it should be immediately performed in cases where early cholecystectomy is not indicated. 5 The 2013 Tokyo Guidelines for the management of acute cholecystitis recommend PTGBD as the first option for surgical intervention in patients with acute cholecystitis or as a rescue treatment in hospitals when the option for cholecystectomy is unavailable. 1, 2 PTGBD has a 100% technical success rate 6 and a low mortality rate of 0% to 4%. [7] [8] [9] The most recently published 2018 Tokyo Guidelines for the management of acute cholecystitis state that PTGBD should be performed in cases of grade II cholecystitis wherein inflammation cannot be controlled by antibiotics and general supportive care, in cases of grade III cholecystitis with negative predictive factors (eg, jaundice, neurological, or respiratory dysfunction), in cases of grade III cholecystitis without negative predictive factors but with a poor performance status, and in cases not treated in advanced centers with experienced surgeons and intensive care units. 10 However, problems such as patient discomfort and tube dislodgement can develop when the drainage period is prolonged, and a shorter drainage period is therefore desirable. The recent guidelines provided new evidence and recommendations for gallbladder drainage, antimicrobial therapy, and the role of surgical intervention, but did not provide any insights into the advisability and timing of tube removal after PTGBD. The present study aimed to analyze the outcomes in a large sample set of PTGBD cases to assess the timing of tube removal after PTGBD and the feasibility and risks of early tube removal. We hypothesized that tube removal after PTGBD could be safe and effective when performed after a shorter drainage period.
METHODS

Study Design and Patient Background
This retrospective observational study of patient backgrounds and outcomes included 701 patients with acute cholecystitis who were treated with PTGBD following the 2013 Tokyo Guidelines during the 44-month period between April 2014 and November 2017. The patients were recruited from the Eastern Chiba Medical Center (75 patients), Asahi General Hospital (381 patients), Funabashi Municipal Medical Center (23 patients), Numazu City Hospital (57 patients), and Kimitsu Chuo Hospital (165 patients). Patients with mild, moderate, or severe acute cholecystitis who were treated with PTGBD and who were older than 20 years of age were included in the study. The study design was approved by the Ethics Committee of Eastern Chiba Medical Center (Registration No. 75). Informed consent was not required due to the retrospective nature of the study.
Surgical Methods
The surgical procedure for PTGBD used in the study was the same as that previously used by Wise and colleagues. 11, 12 In brief, following ultrasound-guided transhepatic gallbladder puncture using an 18 G ultrasonic needle (Hanaco Medical, Saitama, Japan), a pigtail catheter (7 or 8 Fr; Hanaco Medical) was placed in the gallbladder using a guidewire (Radifocus, outer diameter 0.89 mm; Terumo Medical, Tokyo, Japan) under fluoroscopy (Seldinger technique). The drains were not sutured to the skin, but fixed using a special stabilizer (Create Medic, Yokohama, Japan).
PTGBD tube removal was performed in cases wherein elective surgery was delayed (most commonly defined as at least 6 weeks) 10 or was not an option. Tube removal was performed when the patients were still hospitalized. Before the removal of the drainage tube, the feasibility of tube removal was assessed by 3 criteria: (1) the inflammation was subsiding, (2) the cystic duct and common bile duct were visible on tube imaging, and (3) no intraperitoneal leakage was detected. Subsidence of inflammation was confirmed by the decline of fever, a normal blood cell count, and resolution of abdominal pain. A visible cystic and common bile duct and intraperitoneal leakage were confirmed by fluoroscopy after the injection of the cholecystostomy catheter with contrast material. Frontal spot films were obtained to confirm the patency and visibility of the cystic duct, common bile duct, and duodenum ( Fig. 1 ), and to assess intraperitoneal leakage.
A guidewire was used for tube removal to straighten the catheter tip, which might otherwise be coiled or hooked, and thereby prevent any injury to internal organs. Subjects whose tubes could not be removed after several attempts, or who did not undergo tube removal or tube dislodgement, were monitored for inflammation during the observation period. Patients with intraperitoneal leakage or nonpatent ducts were monitored conservatively using antibiotics and general supportive care. Biliary peritonitis was diagnosed by the presence of fever, elevated white blood cell counts, and abdominal pain.
Data Analysis
The median patient age and median time until PTGBD tube removal were recorded. Patient characteristics were compared between those with or without tube removal, and with or without tube dislodgement using the Mann-Whitney test for continuous variables (eg, age) and χ 2 tests for categorical variables (eg, sex, severity of acute cholecystitis). In addition, the median time to tube dislodgement and cumulative tube dislodgement rates were determined. Complications following tube removal and tube dislodgement were noted. Cumulative rates of cholecystitis after tube removal and tube dislodgement rates were evaluated using the Kaplan-Meier method.
RESULTS
Patient Background
The patient cohort was comprised of 456 (65%) male individuals and 245 (35%) female individuals and had a median age of 76 years (range: 20 to 99 y). Acute cholecystitis was determined to be mild, moderate, and severe in 34 (5%), 524 (75%), and 143 (20%) patients, respectively. Patients were followed up for a median of 22 days (range: 1 to 1050 d) following PTGBD tube placement.
Tube Removal
Tube removal was performed in 275 (39.2%) patients ( Table 1 , Fig. 2 ). Patients with tube removal had a higher median age compared with patients without tube removal (78 vs. 74.5 y; P < 0.001). There were no significant differences in sex composition and severity of acute cholecystitis between the 2 groups. The median time until tube removal was 16 days (range: 6 to 213 d); of the 275 patients, tube removal was performed within 7 days in 8 (3%) patients, between 8 and 14 days in 108 (39%) patients, between 15 and 21 days in 86 (31%) patients, between 22 and 28 days in 33 (12%) patients, between 29 and 56 days in 24 (9%) patients, and beyond 57 days in 16 (6%) patients. Patients were followed up for a median of 73 days (range: 0 to 1291 d) following tube removal.
Of the 275 patients with tube removal, biliary peritonitis was observed in only 2 (0.7%) patients (Fig. 2) who had their tubes removed after 23 and 26 days, respectively; biliary peritonitis was not observed in any of the 35 (12.7%) (Fig. 3 ).
Tube Dislodgement
Tube dislodgement was observed in 82 of 701 cases ( Table 2 , Fig. 4 ). Patients with tube dislodgement had a higher median age compared with patients without tube dislodgement (79.5 vs. 76 y; P = 0.027). There were no significant differences in sex composition and severity of acute cholecystitis between the 2 groups. The median time to dislodgement was 12 days (range: 1 to 125 d). The cumulative tube dislodgement rates were as follows: within 7 days, 3.6%; within 10 days, 5.4%; within 20 days, 9.6%; within 30 days, 11.7%; within 90 days, 17.2%; and within 180 days, 25% (Fig. 5 ). PTGBD was repeated promptly in 5 cases (6%) with visible gallbladder distension because of suspected high internal pressure, whereas the clinical course was monitored conservatively using antibiotics and general supportive care in the remaining 77 (94%) cases.
Only 1 of the 77 patients (1.3%), who had the tube dislodged after 2 days, developed biliary peritonitis. There was no overlap in patient population between patients with tube dislodgement and patients with tube removal in this study. The 2 patients who developed biliary peritonitis after tube removal and the 1 patient who developed biliary peritonitis following tube dislodgement were completely cured using antibiotic treatment.
DISCUSSION
Even though tube removal is desirable after a shorter drainage period, or even if tube removal is possible, there are currently no guidelines concerning the advisability and timing of tube removal after PTGBD. In our cohort of 701 patients, the median time to tube removal was 16 days, and the incidence of biliary peritonitis was low. Our results indicated a possibility for safe and effective tube removal after a shorter drainage period of 7 to 10 days under the scenario of subsiding inflammation, patent cystic and common bile ducts, and absence of intraperitoneal leakage (predefined criteria for tube removal); tube removal was achieved successfully in 8 patients within 7 days, and in 35 patients within 10 days without an episode of biliary peritonitis. Furthermore, 73% of the patients in our study had tube removal within 3 weeks. Tube dislodgement occurred in 82 (11.7%) cases after a median time of 12 days following placement. However, 94% of these cases were successfully treated using antibiotics. We expect that younger patients were likely to go into surgery to remove gallbladder than elderly patients; hence, tube removal was likely not to be performed until surgery in younger patients. We expect that elderly patients were likely to pull out the PTGBD tube by themselves accidentally because of delirium or dementia. A serious complication of PTGBD tube removal is bile leakage into the peritoneum, which can result in sepsis and bile peritonitis. [13] [14] [15] Hatjidakis et al 16 performed a prospective assessment of events after tube removal in 33 patients. Of these 33 patients, 3 patients inadvertently underwent tube removal in 3 to 5 days after the drainage, which resulted in bile leakage in 2 cases (6%). Compared with a previous study in 163 patients using the same surgical technique for tube removal as used in the present study, which showed a mean duration of drainage of 42.6 days, the median time to tube removal was only 16 days in the present study. 11 Our results thus indicated a possibility for safe and effective tube removal after a shorter drainage period. This difference in outcome may be due to the larger sample size used in our study (n = 701) or due to the effectiveness of the feasibility examination that was performed in our patients before tube removal.
Previous reports have highlighted the significance of the formation and maturation of a sealed track before tube removal to prevent bile leakage. 11, 15, 16 Various studies have indicated that track maturation occurred within 20 days, 15, 16 and tube removal was safe and effective after a minimum of ∼3 weeks. 11 However, the results of our study demonstrated the possibility of safe and effective tube removal at a shorter duration of 7 to 10 days after PTGBD if the criteria for tube removal were met. Nearly 27% of the patients in our retrospective study had tube removal after 3 weeks. We speculate this was because doctors were guided by previous reports recommending a minimum of 3 weeks before tube removal, 11 or because it took > 3 weeks in several patients to meet the 3 predefined criteria for drainage tube removal. Notably, the complication of biliary peritonitis was rarely observed in our cohort, and all patients who developed biliary peritonitis following tube removal or tube dislodgement were successfully treated using antibiotics. To the best of our knowledge, this is the first study to report that drainage tube removal is safe and effective when performed after a shorter drainage period. Furthermore, this study included a significantly large cohort of patients with acute cholecystitis who underwent PTGBD (n = 701), compared with other previous studies on this topic. 11, 15 However, this study had some limitations. First, the study was retrospective in nature, and we did not report on disease duration or confirm whether early tube removal would be safe and effective in all patients undergoing PTGBD for acute cholecystitis. In particular, early removal of a PTGBD tube may not be safe where maturation of the drainage tract could be potentially delayed or complicated by fibrous adhesion, as in cases of chronic hepatitis or liver cirrhosis. Second, it is not known whether the cases of acute cholecystitis in this study were benign, as cholecystectomy was not performed in some cases. It has been previously reported that only ∼10% of patients with acute cholecystitis are treated using PTGBD 17 ; hence, there is a possibility of selection bias in this study cohort. Last, tubes of different diameters (7 or 8 Fr) were used in patients in this study, and we did not investigate the relationship between tube diameter and tube removal. Prospective studies are required to further support the safety of tube removal after a shorter drainage period with bile leakage in specific patient populations. Nevertheless, our findings demonstrated the possibility of safe and effective removal of drainage tube following a shorter duration of 7 to 10 days if the criteria for tube removal were met, and revealed a new clinical management strategy for acute cholecystitis. Furthermore, the results can be used by gastroenterologists, surgeons, and researchers in the management of acute cholecystitis.
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